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ABSTRACT 
 
 Physical activity is related to better academic performance and prevention of 
childhood obesity.  Classroom-based physical activities, based on recent research studies, 
seem to target both areas successfully.  Move for Thought (M4T) is a recently developed 
kit that integrates physical activities into academic lessons in the classroom.  This thesis 
is the first to examine the kit’s impact on children’s motivation and math performance.  
The study aimed to see (a) if eight weeks of M4T integrated with math, compared to 
traditional lessons (control), would elicit a gain in math performance and (b) if the basic 
psychological needs in math (autonomy, relatedness, and competence, based on Self-
Determination theory) were perceived satisfied and would predict math performance. 
Seven fourth grade teachers utilized M4T (N = 106) and seven fifth grade classes did 
traditional lessons (N = 118).  Teacher log entries indicated that intervention classes used 
the M4T kit an average of 20-25 minutes per week.  Student’s overall motivation in math 
as well as a timed math test was completed pre and post intervention period for both 
groups.  Need satisfaction from the implementation of the M4T activities was also 
measured at the culmination.  Results showed that the improvement in math performance 
for the M4T group was significantly higher (time x group interaction; F = 17.51, p = 
0.000) compared to the control group.  Students’ perceived competence for math in 
general positively and significantly predicted math performance after the implementation 
period (β = 0.42, p = 0.000).  Subsequent intervention analysis of need satisfaction 
specifically for the classroom-based physical activity group showed that perceived 
 viii 
competence toward M4T significantly predicted (β = 0.22, p = 0.004) post-test math 
performance above the contribution of pre-test math needs satisfaction.  The results 
showed that integrated physical activity with math in the classroom can improve math 
test scores directly as well as through higher perceived competence.  Results demonstrate 
that M4T can be beneficial for both teachers (who strive to meet the constantly increasing 
standards for performance) and students (who struggle to maintain high motivation and 
learn effectively).  As a new kit and a new approach, further exploration needs to be 
conducted about its usability. 
 
Supported by CHS, Iowa State University
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CHAPTER 1 
INTRODUCTION 
 
The prevalence of overweight and obese children is rapidly and constantly 
growing, of which all socioeconomic levels and ethnicities are affected (Ogden, Carroll, 
Curtin, Lam, & Flegal, 2010).  Excessive weight and physical inactivity are associated 
with higher mortality, higher prevalence of chronic disease, and psychosocial constraints 
even before adulthood is reached (Daniels et al., 2005; Hu et al., 2004).  The Surgeon 
General reported the ‘key modifiable risk factors [for obesity] are physical activity (PA), 
sedentary behavior and diet’ (U.S. Department of Health and Human Services, 2010).  In 
a 2012 report entitled Designed to Move, researchers aiming to stop the epidemic of 
physical inactivity declared the framework for action is to ‘create early positive 
experiences for children [related to PA]’ and ‘integrate physical activity into everyday 
life’ (Nike, American College of Sports Medicine, & International Council of Science & 
Physical Education, 2012).  Promotion of positive health-related behavior early in life is 
expected to carry over into adulthood (Singh, Mulder, Twisk, Van Mechelen, & 
Chinapaw, 2008).  Research has shown that active children are more likely to become 
active adults (Pate, Baranowski, & Trost, 1996). 
Schools have the potential to positively influence children’s PA levels, yet 
legislative pressures related to stringent academic requirements and limited school 
budgets, have resulted in children receiving significantly less time for PA during the 
school day than they did even a decade earlier (Fedewa & Ahn, 2011).  In response, 
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hundreds of school-based interventions have been implemented to combat this trend and 
address the need for increased PA among school-aged children.  Examples of school-
based interventions include: mandatory physical education, classroom activity breaks, 
after-school activity programs, walk-to-school programs, modified playgrounds, and 
modified recess.  They all strive to increase PA, however, their benefit to overall PA is 
not equal. 
Classroom-based physical activity (CBPA) was recently rated the second most 
effective intervention for increasing PA for elementary and middle school students 
(Basset et al., 2013).  CBPA is a new, innovative way to reach youth where they spend 
the most time.  As the name suggests, CBPAs are any PA done under the direction of the 
classroom teacher, while in the same classroom as the academic subjects.  CBPAs that 
are unrelated to subject content are considered Activity Breaks while Integrated Physical 
Activities (IntPA) incorporate academic content with the movement.  Both activity types 
are designed with an awareness of space constraints, and thus, creatively finds ways to 
get children out of their seats and moving for five-twenty minutes.  Teachers have 
reported the CBPA programs as easy to implement, require minimum prep time, and their 
students enjoy the activities (Stewart, Dennison, Kohl, & Doyle, 2004).  Several CBPA 
interventions have been successfully implemented and new adaptations are coming forth, 
which will all be described below. 
Currently, there are over 25 studies that have assessed the effect of CBPA on 
academic behavior and performance, cognitive function, and physical activity levels.  
Most CBPA intervention studies have demonstrated that CBPAs elicit significant 
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increases in PA (Ahamed et al., 2007; Bartholomew & Jowers, 2011; Donnelly et al., 
2009; Goffreda, 2010; Kriemler et al., 2010; Jurg, Kremer, Candel, Vanderwal, & De 
Meij, 2006; Mahar et al., 2006; Reed et al., 2010; Stewart et al., 2004; Trost, Fees, & 
Dzewaltowski, 2008).  Health benefits are most often implicit in PA interventions, 
however some CBPA studies have been able to directly show decreased skinfold 
measurements (Kriemeler et al., 2010), attenuated body mass index (Donnelly et al., 
2009), and osteoporosis prevention (Macdonald, Kontulainen, Khan, & McKay, 2007; 
McKay, MacLean, & Petit, 2004).  While the research is still relatively new, research to 
date has also shown physical activity in the classroom to enhance or, at a minimum, not 
hinder academic achievement.  For example, Donnelly et al. (2009) followed 11 
intervention schools and 11 control schools for three years and found classrooms using 
the Physical Activity Across the Curriculum Program (PAAC) performed significantly 
better than the control schools in reading, math, spelling, and composite achievement.  
While others have also directly found either significant improvements or no impairments 
in academic performance (Reed et al, 2010; Vazou, Andre, Schaben, Whigham & Welk, 
under review), some have measured academic performance predictors such as 
concentration (Maeda & Randall, 2003; Norlander, Moas, & Archer, 2005) and on-task 
behavior (Grieco, Jowers, & Bartholomew, 2009; Mahar el al., 2006). 
Motivation is another important predictor of students’ academic (Burton, Lydon, 
D’Alessandro, & Koestner, 2006; Gottfried, 1985), which is underexplored with CBPA.  
Vazou, Gavrilou, Mamalaki, Papanastasious, and Sioumala (2012) is the only study to 
date that has assessed students’ task-specific subjective motivational experiences in 
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response to active and traditional academic lessons.  Results demonstrated that 
integrating PAs with academic subjects can significantly increase children’s intrinsic 
motivation, perceived competence, and effort, without enhancing perceptions of pressure 
and negatively affecting the value of the lesson, compared to traditional lessons.  
However, further research is needed to confirm these initial findings. 
One of the newest activity packages is the Move for Thought (M4T), a physical 
activity package for any elementary or middle school grade level that can be integrated 
with any academic subject area.  The kit can be used to target aerobic fitness, enhance 
academic performance, and promote motivation for learning and physical activity, 
however, since it was recently developed, its’ effectiveness and impact on students’ 
motivation and performance has not been examined.  If the activities do not motivate the 
students to participate, then students will complain and refuse to participate, or will 
participate without any desire or enthusiasm.  In that case, participation will drop and the 
implementation of the classroom-based physical activities will be diminished.  Grounded 
on self-determination theory (Deci & Ryan, 2000), the satisfaction of the basic 
psychological needs, named competence, autonomy and relatedness, is considered a good 
indicator of someone’s motivation. 
Thus, the purpose of this thesis was to examine the impact the “Move for 
Thought” kit has when implemented in the classroom on students’ math performance, 
academic/math need satisfaction and need satisfaction related to the instruction strategy 
(i.e., implementing physical activity with the academic content). 
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It was hypothesized that: 
a) math performance and motivation in the academic classrooms that 
implemented the Move for Thought activities for eight weeks will improve to a greater 
extent than in the traditional classrooms, 
b) use of Move for Thought activities in the academic classroom will enhance (or 
not adversely impact) perceived competence, autonomy, and relatedness, and 
c) perceived competence, autonomy, and relatedness will be significant predictors 
of math performance.
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CHAPTER 2 
LITERATURE REVIEW 
 
The Need for Increasing Physical Activity  
 The prevalence of overweight and obese children is rapidly and constantly 
growing, of which all socioeconomic levels and ethnicities are affected (Ogden, et al., 
2010).  One of the main causes of increased obesity is the decrease in physical activity 
(Must & Tybor, 2005; CDC, 2004; Pate et al., 1996).  Excessive weight and physical 
inactivity are associated with higher mortality, higher prevalence of chronic disease, and 
psychosocial constraints even before adulthood is reached (Daniels et al., 2005; Hu et al., 
2004).  The human toll from physical inactivity is expected to rise sharply with an 
already 5.3 million premature deaths attributed indirectly and directly to inactivity (Lee, 
Burgeson, Fulton, & Spain, 2012). 
In a 2012 report entitled Designed to Move, researchers aiming to stop the 
epidemic of inactivity declared the framework for action is to ‘create early positive 
experiences for children [related to physical activity]’ and ‘integrate physical activity into 
everyday life’ (Nike et al., 2012).  Promotion of positive health related behavior early in 
life is expected to carry over into adulthood (Singh et al., 2008).  Research has shown 
that active children are more likely to become active adults (Pate et al., 1996).  
Unfortunately the opposite is also true with approximately 80% of children who were 
overweight at ages 10 to 15 were obese adults at age 25 (Whitaker, Wright, Pepe, Seidel, 
& Dietz, 1997) which reinforces the importance of youth PA. 
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The Physical Activity Guidelines Advisory Committee (2008) states ‘when youth 
participate in at least 60 min of physical activity (PA) every day, health benefits accrue, 
such as healthy bones and muscles, improved muscular strength and endurance, reduced 
risk for developing chronic disease risk factors, improved self-esteem, and reduced stress 
and anxiety’.  While 60 minutes a day might seem like a lot, total exercise time, as 
explained by the National Association for Sport and Physical Education (NASPE), can be 
broken up into exercise bouts lasting 15 minutes or more (2004).  Despite the ability to 
accumulate 60 minutes of PA, only 42% of U.S. children aged six-eleven years do and 
fewer than 8% of U.S. adolescents achieve this goal (Troiano et al., 2008). 
Any amount of PA is better than none (Physical Activity Guidelines for 
Americas, 2008), and that is why the NASPE, along with other national standard 
organizations, discourage periods of inactivity for more than two hours.  Media such as 
watching television, playing video games, and computer use are primary culprits for 
extended sedentary time in our current culture.  According to Anderson et al. (1998) 67% 
of US children watched at least two hours of television per day and are inadequately 
vigorously active.  Anderson was able to show that boys and girls who watch four or 
more hours of television each day had greater body fat and body mass index.  Ten years 
later, Roberts and Foehr found the average American eight-to-eighteen years old reported 
more than six hours of daily media use (2008). 
If children are doing more sedentary activities outside of school it becomes 
increasingly critical to reduce extended sitting time during their school day.  Children 
spend an average of seven hours a day at school.  With over half of children’s awake 
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hours being spent at school it is imperative to carefully consider how to allocate active 
and inactive time.  Furthermore, schools serve as an effective avenue for change with 
access to large numbers of children from various income, cultural, and behavioral 
backgrounds. 
Physical education (PE) has historically been the main opportunity for active time 
in schools.  Yet, only 50% of elementary school and 25% of middle schools nationwide 
require PE (Burgeson, Wechsler, Brener, Young, & Spain, 2001), and less than 3.8% of 
American schools provide children with a daily PE (Lee et al., 2007).  Physical Activity 
Guidelines state that at least 50% of PE time needs to be spent in moderate-vigorous PA 
(2008).  While that is the recommendation, actual activity time during PE will vary from 
teacher to teacher. 
Recess is another time students have the potential to be physically active.  Relying 
on recess for physical activity requirements, however, presents several uncertainties. 
First, because recess is discretionary time some children may spend the majority of recess 
doing moderate-vigorous activity, while others may find a quiet spot to sit with a friend.  
In a study by Ridgers, Stratton, and Fairclough (2005), over 200 students had their PA 
time during recess quantified using accelerometers.  They found that boys engaged in 
higher intensity activities than girls and on average, all children spent less than half their 
recess time physically active (Ridgers et al., 2005). 
The second reason recess is not a reliable source of PA is that the amount of time 
dedicated to recess is declining.  In a Texas survey, 24% of elementary school teachers 
reported no recess in their school, 68% reported once a day, 6% twice a day, and 1% 
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three times a day.  Reported recess lengths also varied, with 12% reporting 1-10 min, 
49% reporting 11-20 min, and 18% reporting 21 minutes or more (Zhu, Boiarskaia, 
Welk, & Meredith, 2010). 
The third problem with relying on recess for physical activity guidelines is that 
traditional recess does not elicit as much energy expenditure as structured physical 
activity breaks (Scruggs, Beveridge, & Watson, 2003).  Furthermore, Bassett et al. (2013) 
compared the effectiveness of various school-based policies and built-environment 
changes that aimed to increase students’ energy expenditure throughout the day.  
Modifying recess with more games and playground equipment did elicit more energy 
expenditure, but not nearly to the extent of afterschool activity programs, walking/biking 
to school, classroom activity breaks, or mandatory PE. 
Overall, due to legislative pressures, children receive significantly less time for 
PA during the school day than they did even a decade earlier (Fedewa & Ahn 2011).  
Hundreds of school-based interventions have been implemented to combat this trend and 
address the need for increased PA among school-aged children.  Subsequent sections will 
illustrate that increased time for PA is actually synergistic to legislative concerns about 
students’ academic performance rather than antagonistic and it is not limited to PE and 
recess. 
Classroom-Based Physical Activity Interventions 
 Classroom-based physical activity (CBPA) is a new, innovative way to reach 
youth where they spend the most time.  As the name suggests, CBPAs are any PA done 
under the direction of the classroom teacher, while in the same classroom as the academic 
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subjects.  The activities are designed with an awareness of space constraints, and thus, 
creatively finds ways to get children out of their seats and moving.  Activities can focus 
on anything from increasing energy expenditure, developing flexibility, improving 
coordination, muscle strengthening, bone strengthening, or a combination. 
There are two main styles of CBPAs: Activity Breaks (AB) and Integrated 
Physical Activities (IntPA).  The breaks consist of PAs unrelated to subject content and 
serve to stimulate and reenergize students for the next lesson or break-up a long learning 
task.  IntPAs, on the other hand, incorporate academic content with the movement and 
can be done with most subject areas.  These activities can be used to learn a new concept, 
practice previously learned material, or review before an exam.  Both CBPA styles 
typically aim to get students out of their seats for five-twenty minutes with an average 
activity lasting 10 minutes. 
  Several CBPA programs exist and are available to schools.  Take 10!, for 
instance, has an in-depth website and offers a kit for purchase.  Of the first programs that 
were available and freely accessed by the internet were the Energizers and the Brain 
Breaks.  Recommended grade levels are associated with each activity with subject 
specific suggestions.  Physical Activity Across the Curriculum (PAAC) is similar to Take 
10! and promotes 90 minutes per week of active academic lessons.  The P.L.A.Y. 
(Promoting Lifestyle Activity for Youth) program is catered for fourth-eighth grade and 
available for teachers upon request.  Action Schools! BC is similar and takes instructors, 
administrators, or the public through a step-by-step description of how to implement the 
program.  Activity Bursts in the Classroom for Fitness (ABC for Fitness) are bursts 
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spread out during the day during time teachers would ordinarily spend settling students 
down or getting them back on task.  Several other programs such as Kinder-Sportstudies 
(KISS), The Class Moves!, and Move and Learn have been developed but they are not 
available through the internet. 
Teachers have reported the CBPA programs as easy to implement, require 
minimum prep time, and their students enjoy the activities (Stewart et al., 2004).  In a 
pilot study done in Scotland and Wales, pupils and teachers perceived The Class Moves! 
CBPA as innovative, interesting and enjoyable (Lowden, Powney, Davidson, & James, 
2001).  The PA sessions can be incorporated by teachers with low-cost and minimal 
disruption (Goffreda, 2010).  Most researchers would agree with Stewart et al. (2004) that 
PA compliments rather than distracts from learning, appeals to multiple learning styles, 
and does not require extra staff or extensive training. 
Currently, there are over 25 studies that have assessed the effect of CBPA on 
academic behavior and performance, cognitive function, and physical activity levels.  The 
lengths of a select number of studies are depicted in Figure 1 (below).  In the next 
sections, I will describe the health benefits that have been found followed by the learning 
benefits, and will finish by discussion how academic motivation is important and 
underexplored in relational to CBPA. 
 
 
  
 
 
Figure 1. Classroom-based physical activity intervention lengths
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Health Benefits from CBPA 
 As stated earlier, despite the evidence that 60 minutes per day of PA is associated 
with several health benefits in children, PA levels among youth remain low (Physical 
Activity Guidelines for Americans Midcourse Report, 2012).  That is why the PAGA 
Midcourse Report stated the following as their key finding and recommendation: “School 
settings hold a realistic and evidence-based opportunity to increase physical activity 
among youth and should be a key part of a National strategy to increase physical 
activity”.  The studies described below validate that message.  Several CBPA 
intervention studies have demonstrated that CBPAs elicit significant increases in PA 
(Ahamed et al., 2007; Bartholomew & Jowers, 2011; Donnelly et al., 2009; Goffreda, 
2010; Kriemler et al., Jurg et al., 2006; Mahar et al., 2006; 2010; Reed et al., 2010; 
Stewart et al, 2004; Trost et al., 2008).  While not statistically significant, other studies 
were able to quantify an increase in PA minutes compared to traditional classes (Naylor, 
Macdonald, Warburton, Reed, & McKay, 2008; Pangrazi, Beighle, Vehige, & Vack, 
2003). 
There are different ways to quantify PA that help to measure the reach of CBPA 
interventions in increasing PA.  Pedometers or ‘step counts’ are a common method as 
they are cost efficient (Bartholomew & Jowers, 2011; Erwin, Beighle, Morgan, & Nland, 
2011; Mahar et al, 2006; Naylor et al., 2008; Pangrazi et al., 2003; Reed et al., 2010).  
Others, especially in more recent studies, use accelerometers which is a more informative 
measure of energy expenditure (Donnelly et al., 2009; Goffreda, 2010; Kriemler et al., 
2010; Lanningham-Foster et al., 2009; Trost et al., 2008;).  However, PA equipment is 
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not required to quantify PA.  Teachers can fill out a daily activity log (Ahamed et al., 
2007) or participants can complete an activity questionnaire (McKay et al., 2005). 
Pangrazi et al. (2003) took one of the first looks at the effectiveness of a teacher-
lead school PA intervention by analyzing the program called P.L.A.Y. (Promoting 
Lifestyle Activity in Youth).  P.L.A.Y. was implemented by the Arizona Department of 
Health Services to promote higher levels of PA for fourth-sixth graders.  Pedometer steps 
counts and BMI information was gathered for 606 fourth grade participants over the 
spring-term.  Results indicated the treatment was effective at increasing the PA level of 
children, especially girls.  Boys did not show as much of an improvement which was 
attributed to a potential ceiling effect.  Girls at that age tend to be less active than boys, so 
programs to increase activity levels in schools may provide greater benefit to them 
(Pangrazi et al., 2003).  Naylor et al. (2008), on the other hand, found the opposite gender 
trend.  There were no differences between the CBPA group (Action Schools! BC) and the 
control group for girls, while boys took almost 2,000 more steps under the interventions.  
Therefore, generalizations between genders cannot be made at this time. 
 Stewart et al. (2004) quickly followed with a five-day intervention involving three 
classes using Take 10!.  Five students from first, third, and fifth grade wore an 
accelerometer during the 8-9 CBPAs they did during that week.  By using accelerometers 
with several activities, Stewart and colleagues were able to show huge variation in energy 
intensity with different activities.  Within the same grade some activities produced 
exercise intensities as much as 44% higher than others.  Overall, students gained between 
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86-91 PA minutes that week, with similar metabolic equivalent values across grades, but 
pedometer steps and Kcal expenditure increased with grade level. 
 Looking at CBPA interventions for students younger than first grade, 
preschoolers completing eight weeks of Move and Learn integrated curriculum, exhibited 
significantly higher levels of classroom moderate-vigorous PA compared to controls 
(Trost et al., 2008).  In a study of kindergarten-fifth graders, Bartholomew and Jowers 
(2011) found that all grades increased approximately 1000 steps with the same 
intervention.  In another study that included Kindergarteners, intervention classes 
averaged approximately 780 more daily in-school steps than the control classes.  Broken 
down by grade, the kindergarteners’ average steps during Energizer activities were on par 
with first-fourth graders (Mahar et al., 2006).  Incidentally, this study also noted 
substantial variation in step counts between activities with a range of 160 to 1223 steps 
for a single Energizer (Mahar et al., 2006). 
Beyond PA measurements, some researchers have attempted to directly quantify 
CBPA effect on obesity through skin fold measurement and BMI (body mass index).  
Kriemeler et al. (2010) was able to show more negative changes in skinfold 
measurements in the PA intervention group, and an increase in aerobic fitness.  The 
intervention was over the course of one school year and included daily activity breaks, 
adding two PE lessons (making PE daily), and PA homework.  This is one of the more 
intensive PA interventions, which could raise questions of feasibility and adherence.  
However, teachers and children reported enjoying it, and thus must not have perceived it 
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as too demanding.  To be certain, future studies of similar duration and intensity should 
assess children’s affect and academic performance under these conditions. 
Donnelly and colleagues (2009) have the longest intervention to date and, like 
Kriemeler et al. (2010), also attempted to directly measure the effect of CBPA on obesity 
by assessing BMI change.  Their CBPA program called Physical Activity Across the 
Curriculum (PAAC), promotes 90 minutes per week of moderate to vigorous physically 
active academic lessons.  While the results did not show a statistically significant 
decrease in BMI, they were able to demonstrate that BMI was significantly influenced by 
exposure to PAAC.  PAAC schools that did greater than 75 minutes per week of PA had 
a significantly less increase in BMI at three years than the control group.  A subsample of 
students wore accelerometers, which showed significantly higher levels of PA compared 
to control schools.  All PAAC students also had significant changes in academic 
achievement scores which will be discussed in the following section. 
 A CBPA study done in China resulted in a significant change in BMI between 
girls allocated to the Happy 10 intervention group and those in the control group (Liu et 
al., 2008).  Girls in the intervention arm had a significant decrease in BMI while the 
control arm girls significantly increased resulting in a significant change between groups 
post intervention.  The program implemented at least one activity a day for two 
semesters.  While these results are encouraging for CBPA, because diet was not 
controlled for, and control classes had an unexplained drop in energy expenditure over 
the course of the intervention, future research needs to validate these results. 
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 Shifting from obesity to osteoporosis prevention, McKay et al. (2004) wanted to 
see if an 8-month “Bounce at the Bell” program would improve proximal femur bone 
mass.  Teachers instructed students to perform 10 counter-movement jumps at the 
morning, noon, and home time bell.  Total intervention time was three minutes per day.  
Results indicated this novel and easy exercise program provided significant gain in bone 
mineral content in two regions of the femur. 
Macdonald (2007) with the help of colleagues including McKay, expanded on 
McKay et al. (2004) by doubling the length of the “Bounce at the Bell” intervention to 
16-months, adding 15 minutes/day of CBPA (skipping, hopping, resistence bands), and 
increasing the sample size n = 410 (from n = 122).  The researchers were again searching 
for evidence that early physical activity interventions may prevent osteoporosis and 
related fractures later in life (Kannus et al., 1999).  The intervention enhanced bone 
strength at the distal tibia in prepubertal boys (Macdonald et al., 2007).  These results 
demonstrate that simple, quick weight-bearing activities enhance bone strength for some 
children.  Future research needs to determine the precise exercise prescription needed to 
elicit a similar response in more mature boys and in girls. 
Although most school-based interventions thus far have not been able to 
demonstrate significant improvement in BMI, they do elicit an overall health benefit 
(Harris, Kuramoto, Schulzer, & Retallack, 2009).  CBPA increases PA minutes and 
energy expenditure, can improve bone strength, and serves to break up extended 
sedentary time.  The Active Living Research (ALR) brief (2013), also noted that based on 
the evidence that CBPA can impact overall daily PA, CBPA may be encouraging 
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students to be active on their own outside of class.  In addition, CBPA is helping to 
reduce the potential danger of extended sedentary behavior at school, which in turn, may 
reduce chronic disease risk (ALR, 2013). 
Health benefits from CBPA are only part of the picture.  The next section 
describes how the benefits of CBPA go beyond the body and supports the brain’s 
cognition, learning, and affect. 
Learning Benefits from CBPA  
Regardless of whether a teacher, school administrator, parent, or legislator is a 
proponent of increased PA for kids or increased academic potential, youth can get the 
benefit of both with CBPA.  The amount of benefit will vary with each child, but to date 
there has not been single intervention study published showing a negative effect of CBPA 
on academic performance or PA for that matter.  This section outlines the potential of 
CBPA to improve students’ concentration, on-task behavior, and ultimately test scores. 
One key predictor of academic success is academic engagement: the ability to pay 
attention in class and to make an effort to learn (Greenwood, Horton, & Utley, 2002).  
Three CBPA interventions attempted to improve students’ concentration, one aspect of 
engagement.  The first intervention incorporated only five minutes of moderate to 
vigorous activity (e.g. running) four times a week.  The second grade teacher reported she 
was able to complete more class activities because the students’ concentration improved 
(Maeda & Randall, 2003).  In addition, the math fluency for the 19 students increased and 
their overall grades were not negatively affected by the time used to run.  Two important 
distinctions in this study are that PA was facilitated outside rather than in the classroom 
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and results were based on self-report from a single teacher.  Norlander et al. (2005) also 
found improved concentration as well as a reduction in noise but with a different 
intervention style.  In place of moderate to vigorous activity, a relaxation program was 
used in the classroom for 5-10 minutes consisting of a series of stretches for the upper 
body.  Using sound monitors in intervention and control classrooms, researcher found a 
significant reduction in noise level.  The relaxation program and noise reduction did not 
result in a significant reduction on students’ self-reported stress levels as predicted, but 
teachers reported an increase in their pupils’ ability to concentrate.  The Class Moves! 
program also utilizes relaxation exercises to promote a better atmosphere for kids and 
improve their concentration (Lowden et al., 2011).  When evaluating the program, most 
teachers claimed the impact on pupil concentration was evident and some reported 
marked improvements.  Some used the program to wake kids back up after a long work 
session while others used it to calm a restless class (Lowden et al., 2011). 
Another way to assess academic engagement is to have researchers observe the 
total time students’ spend focused on academic tasks (Bartholomew & Jowers 2011).  
Mahar and colleagues (2006) measured students’ on-task behavior before and after 10-
minute, integrated activities called Energizers.  When compared to a control group who 
took a 10-minute break, the Energizer group showed a significant positive result for on-
task behavior, pre- to post-activity.  The mean difference observed was large (ES = 2.20) 
(Mahar et al., 2006). 
Grieco et al. (2009) also evaluated students’ time-on-task after 10-15 minutes of 
activity with Texas I-CAN!.  Based on their observations of both active and inactive third 
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grade classes, they concluded physically active classroom lessons provided a buffer to 
prevent the steep reduction in time-on-task experienced after a period of inactivity in all 
children.  Grieco et al. (2009) also gathered BMI data and found that trend to be 
especially prevalent for the overweight students. 
As mentioned earlier and as observed by Grieco and collegues (2009) with 
differences among BMI categories, the benefits of CBPA is not consistent for everyone.  
In addition to body type, learning styles will also change their impact.  Della Valle and 
colleagues (1986) found that taking active-preferred seventh graders around the perimeter 
of the classroom to collect cards enhanced their performance on a word recognition task.  
Passive learners, however, had poorer performance in an active environment.  Thus, the 
researchers suggested that to maximize performance for all children, teachers are 
encouraged to match environment to learning style (Della Valle et al., 1986).  When that 
is not feasible, teachers do what is best for the majority of students.  According to 
Hannaford (1995), 85% of children are kinesthetic learners and therefore learn better by 
moving and interacting with their environment.  That suggests a large proportion of 
children in school would benefit from CBPA. 
The aforementioned studies sought to predict academic performance while others 
directly measured that outcome variable.  A quick way to do that is a timed-test or a short 
memory retention activity.  Maeda et al. (2003) used a one-minute addition test with 
second grade subjects to assess math fluency after a five-minute walking or running 
break.  In an unpublished work, Vazou and colleagues used a multiplication math fluency 
test with fourth graders.  The test was used to detect math fluency differences between 
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students who practiced math with physical activity and those that practiced using 
worksheets or stationary math activities.  Both groups improved pre to post with the PA 
group having a higher, yet insignificant mean gain. 
Another common cognitive test is the Standard Progressive Matrices (SPM) fluid 
intelligence test.  Since fluid intelligence measures the ability to reason quickly and 
abstractly it is not heavily dependent on previously learned knowledge (Reed et al., 
2010).  In a study by Reed et al. (2010), third graders fluid intelligence was positively 
influenced by physical activity.  The intervention incorporated 30 minutes of PA 
integrated into the core curriculum three times a week.  All activities were performed in 
the classroom with no equipment.  Hill et al. (2010) used a different cognitive test than 
Reed et al. (2010) and also showed physical exercise to positively impact cognitive 
performance. 
Not all studies found significant improvement in learning outcomes with CBPA.  
Molloy (1989) and Uhrich & Swalm (2007) both reported non-significant effects with 
some of their PA and academic performance outcomes.  Ahamed et al. (2007) increased 
PA by 47 minutes per week yet academic performance remained the same, showing no 
effect.  However, no effect remains an encouraging result because despite a reduction in 
instruction time, students’ academic achievement was not compromised.  Only a negative 
effect, which there is none to date, would raise caution about the use of CBPA. 
While no effect is acceptable, academic performance gain associated with CBPA 
makes an even stronger case for implementation.  Fredericks, Kokot, & Krog (2006) and 
Donnelly et al. (2009) were both able to show academic improvement in multiple subject 
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areas under a single intervention.  Fredericks et al. (2006) randomly selected first graders 
to be in the experimental, control, free-play, or educational toys group.  The experimental 
group, which involved 20-minutes of developmental movements and structured exercise, 
showed a significant improvement in spatial development as well as in reading and 
mathematical skills.  The PAAC intervention, described earlier had an exceptionally 
strong intervention effect due to its large sample size and long duration (Donnelly et al., 
2009).  From baseline to three years, significant improvement in academic achievement 
was observed in the PAAC compared to the control school for reading, math, and 
spelling. 
While there is more to learn, a few key mechanisms have been suggested that may 
explain the effect PA has on brain function.  In general, it is thought that PA invigorates 
the body, activates the brain, and provides better blood flow.  With greater blood flow 
epinephrine and norepinephrine are more readily available helping children be more alert 
and ready to learn (Hannaford, 1995; Jenson, 2000).  More specifically, regular physical 
activity can promote structural changes in the region of the brain important for memory 
(Cotman & Engesser-Cesar, 2002).  Hillman, Buck, Temanson, Pontifex, and Castelli 
(2009) found that fitness, which can be improved with regular PA, was correlated with 
stronger attentional resources during a stimulus, resulting in faster decision making. 
The evidence is clear that exercise can increase brain-derived neurotropic factor 
(BDNF), which enhances learning and cognition.  BDNF enhances brain function 
through neurogenesis, the creation of new neurons (Cotman & Engesser-Cesar, 2002).  In 
mice studies, the increased neurogenesis from running enhanced their memory function 
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in a water maze (van Praag, Christi, Sejnowski, & Gage, 1999).  BDNF has also been 
found to increase essential structural elements located throughout the central and 
peripheral nervous systems (Hannaford, 1995). 
Based on available evidence we can conclude that sacrificing physical education 
or recess for classroom time does not improve academic performance (Reed et al., 2010).  
The research evidence also provides the necessary evidence to show policy makers that 
reducing academic teaching time to allow for PA will not come at a cost to learning.  On 
the contrary, results from numerous studies indicate that cutting opportunities for PA 
undermines the ability for children to maximize their learning capacity (Della Valle et al., 
1986; Donnelly et al., 2009; Hill et al., 2010; Maeda et al., 2003; Mahar et al., 2006; 
Norlander et al., 2005; Reed et al., 2010). 
Thus far, we have discussed CBPA’s direct effect on PA levels and academic 
achievement; however it is also important to look at factors that may mediate or moderate 
the role of CBPA in PA and academics.  One possible factor is students’ motivation but 
research on this is in its infancy.  The following section will provide some background on 
Self-Determination Theory, its importance in predicting human behavior, and the 
rationale for assessing its role in CBPA use. 
Academic Motivation 
 It is well understood that individual’s perceptions about their competence and 
intrinsic motivation are particularly important for a student’s academic achievement, 
what is less explored is the role of CBPA on motivation.  Intrinsically motivated 
behaviors positively relate to several important facets of success in school: persistence, 
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effort, psychological well-being, and achievement (Burton et al., 2006; Deci & Ryan, 
1987; Gottfried, 1985; Linnenbrink & Pintrich, 2002).  Self-Determination Theory (SDT) 
is a prominent theory in the study of intrinsic motivation.  According to SDT, intrinsic 
motivation refers to doing something because it is inherently interesting or enjoyable.  It 
is in contrast to extrinsic motivation which is doing something because of external 
pressures and rewards (Ryan & Deci, 2000). 
 The maintenance and enhancement of intrinsic motivation is theorized to be 
regulated by an individuals’ basic psychological needs: competence, autonomy, and 
relatedness.  The first two needs were first presented by Deci and Ryan (1985) as a 
subtheory within SDT called cognitive evaluation theory.  Competence refers to feeling 
effective in one’s ongoing interactions with the social environment and possessing the 
necessary skills to be successful.  In education, positive relations between intrinsic 
motivation and perceived competence are often found.  For example, four German 
elementary school were examined over a two-year period and found children’s 
competence beliefs were moderately to strongly associated with their learning motivation 
(Spinath & Spinath, 2005). 
While competence or self-efficacy is important in and of itself, the theory states it 
will not enhance intrinsic motivation unless accompanied by a sense of autonomy.  
Choice, acknowledgement of feelings, and opportunities for self-direction were found to 
enhance intrinsic motivation because they allow people an enhanced feeling of autonomy 
(Deci & Ryan, 1985).  Researchers have examined teachers who are autonomy 
supportive, in contrast to controlling, and found their students had greater intrinsic 
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motivation, curiosity, and desire for challenge (Deci, Nezlek, & Sheinman, 1981; Flink, 
Boggiano, & Barrett, 1990).  Based on past research, three methods arise as the best 
strategies for teachers to be autonomy-supportive.  One method is to provide students 
with choice as to what they feel is interesting or important.  A second is to foster 
relevance by identifying the value of tasks, lessons, or behavior.  The third part of being 
an autonomy-supportive teacher is showing respect, allowing criticism, and avoiding 
pressuring students (Assor, Kaplan, & Roth, 2002; Reeve, Jang, Carrell, Jeon, & Barch, 
2004). 
People with high needs satisfaction in competence and autonomy can be 
intrinsically motivated for a behavior, however with the addition of the final fundamental 
need, relatedness, a greater expression of motivation can emerge (Deci & Ryan, 2000).  
Relatedness refers to feeling connected to others, to caring for and being cared for by 
those others, and having a sense of belongingness (Ryan, 1995).  In school this can 
include feeling involved with your classmates or cared for even when working alone. 
Classroom strategies that enhance competence, autonomy, and relatedness can 
foster stronger intrinsic motivation at various levels.  Vallerand et al. (1997, 2001, 2002) 
with both theory and empirical research findings has suggested a hierarchical model for 
motivation at global, contextual, and situational levels.  Global motivation reflects how 
an individual generally interacts with the environment.  It is the highest level and thus 
considered stable.  Contextual motivation refers to the particular motivation an individual 
has for a specific life context, such as work, school, or PA participation.  At the bottom of 
the hierarchy is situational motivation, which is unstable due to its sensitivity to the 
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environment (Vallerand, 2001).  Research on CBPA needs to target both situational and 
contextual motivation and the interplay between the two.  Altering student’s classroom 
experiences at the situational level could over time have an impact on their motivation 
towards their school subjects at the contextual level.  It is also important for interventions 
designed to increase intrinsic motivation at the situational and contextual levels be done 
at the elementary age as previous studies show a decline in intrinsic motivation with age 
(Spinath & Spinath, 2005).  Furthermore, children’s motivation is more malleable 
between the ages of nine and 11 years (Cox, Smith, & Williams, 2008). 
Several studies have shown basic needs satisfaction to be predictive of motivation 
(e.g. Ntoumanis, 2001, Reeve et al., 2004) and motivation to be predictive of behavior 
and academic performance (e.g Jang, Kim, & Reeve, 2012; Ntoumanis, 2005; 
Roemmich, Lambiase, McCarthy, Feda, & Kozlowski, 2012; Standage, Sebire, & Loney, 
2008; Teixeria, Carraca, Markland, Silva, & Ryan, 2012), but only one study to date has 
performed this type of study in regards to physical activity in the classroom (Vazou et al., 
2012).  Using a within-subject sample of 236 fourth to sixth grade students in urban and 
rural regions of Greece, Vazou and colleagues used the Intrinsic Motivation Inventory to 
assess students’ task-specific subjective experiences in response to active and traditional 
academic lessons.  The first two lessons were taught in the traditional format and served 
as baseline controls.  Ten-minutes of PA were incorporated into lessons three and five.  
The CBPAs were developed based on the tenets of SDT, that is, without emphasizing 
inter-individual comparison, being fun, easy-to-accomplish and providing choices.  The 
remaining lessons, four and six, served as additional controls.  Results demonstrated that 
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integrating PAs with academic subjects can significantly increase children’s intrinsic 
motivation, perceived competence, and effort, without enhancing perceptions of pressure 
and negatively affecting the value of the lesson, compared to traditional lessons.  
Children self-reported the lessons that integrated PA were more interesting and enjoyable 
than the lessons that did not (Vazou et al., 2012).  While more research needs to be done 
regarding the role of CBPA on motivation, this initial investigation provides encouraging 
results. 
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CHAPTER 3  
METHODS 
 
Participants and Setting 
 The study was conducted in central Iowa with fourth and fifth grade students in 
the fall term of 2012 (Oct-Dec).  Data were obtained from four schools from three 
different settings a) two rural consolidated elementary schools, b) one rural consolidated 
middle school, and c) a Catholic parochial school in a university community.  All the 
schools were in a 20-mile radius from one another.  The schools serve primarily 
European American students (>85%) and all of the teachers were European American 
females.  The average class size was 22 students with a range of 15-26.  Age was not 
measured, but typical fourth and fifth graders are nine-11 years old. 
Seven fourth grade teachers agreed to be in the intervention (named Move for 
Thought-M4T from here on) group.  Five of those teachers taught math using M4T to 
eight classes (N = 185; 89 females).  The remaining two teachers used M4T in language 
arts with five classes who were also using M4T in math.  Those students also took 
language art specific surveys and academic tests, but those data do not constitute part of 
the current project and will be discussed separately. 
The control group was comprised of seven fifth grade classes (N = 127; 58 
females).  Ninety-six of these students were from a middle school while 31 attended a 
parochial elementary school.  Informed consent was obtained from these teachers and 
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they were asked to conduct class as normal.  A summary of participant information is 
provided in the appendix. 
Measures 
Demographics 
Student’s code number (no names were provided), gender, grade, and ethnic 
background were reported.  Teacher’s name, gender, the grade and the subject (s)he was 
teaching and the name of the school were also provided.  Parental consent was waived, as 
students were de-identified. 
Teacher log 
Teachers were asked to keep track of the frequency and duration of the Move for 
Thought activities they were using for the eight weeks of the implementation period, and 
report them in a log that was developed for that purpose.  On a daily basis, teachers were 
asked whether they used any Move for Thought activities (yes-no response), the number 
of the activity from the package (one-ten), and the duration of the activity (with a five-
point response scale, incrementing from five to twenty-five minutes).  The teacher log 
template is provided in the appendix.  The other items included in the teacher log will be 
analyzed in a later study. 
Math Performance (MP) 
Comprehensive grade-level appropriate math tests were used in this study to 
quantify academic performance improvement.  Standardized tests were found through 
Curriculum-Based Measurement, easyCBM Light Edition (www.easycbm.com).  The 
mathematics tests through CBM are currently based on the National Council of Teachers 
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of Mathematics (NCTM) Curriculum Focal Point Standards in Mathematics.  Therefore, 
tests were not generated based on current class content, but instead on overall grade level 
expected content.  There are different test types per grade (aligned with the NCTM 
Curriculum Focal Points for each grade level).  Each of the math tests were comprised of 
16 items.  The math operations and algebra test was chosen for our study.  One test from 
each grade can be found in the appendix.  All alternate forms of each math test were 
designed to be of equivalent difficulty, so that teachers can monitor students’ progress 
(Alonzo & Tindal, 2012).  One math test was used as a pre-test and another math test as a 
post-test.  Data collected from the tests were entered as a one (correct) or zero 
(incorrect/no entry). 
Basic Need Satisfaction from Math 
General motivation for math between the M4T and tradition lesson group was 
measured, with the satisfaction of the three basic psychological needs, named 
Competence, Autonomy and Relatedness.  The Perceived Competence for math factor 
was assessed with the modified version of the Intrinsic Motivation Inventory (IMI; 
McAuley, Duncan, & Tammen, 1989) that has been previously used with this age group 
by Dr. Vazou.  Relatedness was measured with the Activity Feeling Scale (Reeve, 1994), 
and Autonomy with three out of the nine items from the Perceived Self-determination 
Scale (Reeve, 2003), that measures an overall score for autonomy based on three factors, 
named perceived locus of causality, volition and perceived choice.  In order to keep the 
survey short and avoid fatiguing the students as well as taking additional time from their 
instruction, only three out of the nine items (one from each factor) was selected (based on 
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the language that was most appropriate for that age group).  Item examples are “I find 
most things are easy to learn and do in math” (competence), “I feel I have some choice 
over which activities to try to solve in math” (autonomy), and “I feel involved with my 
classmates when doing activities in math” (relatedness).  The response scale ranged from 
1 (strongly disagree) to 5 (strongly agree).  A complete list of the items and factors can be 
found in Appendix A. 
Basic Need Satisfaction from Integrated Physical Activity (IntPA) with Math 
At the end of the eight weeks the M4T group completed an additional motivation 
survey pertaining specifically to the M4T activities they did in math.  The Activity 
Feeling Scale (Reeve, 1994) was used, which measures situational need satisfaction and 
includes three factors, named competence, autonomy and relatedness.  Students 
responded to the stem: “Doing the PA in the classroom made me feel…”.  Item examples 
included “Doing the physical activities in the classroom made me feel that my skills were 
improving” (competence), “Doing the activities in the classroom made me feel free to 
decide for myself what to do” (autonomy), and “Doing the activities in the classroom 
made me feel involved with my classmates” (relatedness).  A five-point response scale 
was used, ranging from one (strongly disagree) to five (strongly agree).  A complete list 
of the items and factors can be found in Appendix A. 
Procedure 
The study involved a quasi-experimental design.  Five teachers agreed to 
implement the Move For Thought activities with math and five teachers agreed to serve 
as a control group, meaning that they used the standard curriculum and no changes were 
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made in the regular teaching strategies.  Both intervention and control classes completed 
surveys before and after eight weeks.  Motivational math surveys and timed math tests 
were completed before and after the eight weeks of the intervention period in the 
students’ classroom for both groups.  The IntPA motivational survey was completed at 
the end of the intervention period only by the M4T group because it measures students’ 
experiences from the specific teaching method. 
Teacher and principal contacts were made by the primary researcher through 
email correspondence followed by an in-person explanation of project.  Both intervention 
and control teachers signed an informed consent before any research was conducted in 
their classroom.  The study was approved by the Institutional Review Board at Iowa State 
University. 
Students in both groups were assigned a code number by their teacher.  The codes 
were kept by the teacher and used by the students for any documents completed for 
research.  All tests and surveys were collected by the researcher upon completion and 
kept locked in a file cabinet at the Institution’s area.  Student responses were therefore 
confidential from both the classroom teacher as well as the researcher, and thus, informed 
consents were not required.  Self-reported gender, grade, and ethnic background were 
collected from all participants as part of the math survey. 
Both groups completed identical math motivational surveys before and after the 
end of the implementation period and had the survey read aloud by the researcher.  
Students were instructed to answer in their own opinion, there were no ‘right’ or ‘wrong’ 
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answers, and were reminded that all the questionnaires would remain confidential from 
both the researcher as well as their teacher. 
Academic performance tests were given to all students at baseline and at the end 
of the implementation period.  Different, yet equivalent tests were given at the two time 
points to reduce a carry-over effect.  All 16-item multiple-choice tests were timed so the 
speed of comprehension was accounted for.  Fourth grade classes were allotted 3 minutes 
and the fifth grade classes two minutes and 30 seconds to answer as many questions as 
they could.  Less time was given to the fifth grade students to reduce a ceiling effect at 
baseline and ensure improvement potential.  A single researcher proctored the tests at 
both time points for both groups.  Students were instructed how much time they would be 
given, the general types of questions they would see, they could but were not required to 
show their work, that questions could be skipped, and they needed to circle an answer in 
order for it to be counted. 
M4T Students completed the IntPA survey at the end of the implementation 
period without teacher or researcher assistance and were reminded their responses would 
remain confidential. 
Move for Thought 
 Move for Thought (M4T) is a physical activity (PA) promoter program that 
integrated the content of the academic subject with physical activity in the elementary 
classroom.  M4T was developed by Spyridoula Vazou, Ph.D. (Department of 
Kinesiology, Iowa State University) in 2012.  The creation of the program was based 
upon the growing evidence of the benefits of incorporating PA in the elementary 
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classroom.  The M4T kit includes ten activities that can be adapted for all elementary 
grades in any subject area.  All of the activities are intended to target aerobic fitness, be 
easy and safe to implement, and promote intrinsic motivation for both learning and PA.  
For example, ‘Find you Pair’ is one activity in the kit.  Here the students do an assigned 
move (e.g. skipping) until the teacher gives a signal for them to find a randomly placed 
card in the room.  Without talking, students need to find a matching card while doing an 
assigned move (e.g. lunges).  One card might be a definition to be paired with its term or 
one card is a problem needing its answer.  When a pairing is made, students do a 
movement (e.g. calf raises) until the teacher checks the paired cards.  All the activities 
can be repeated once the flash cards are made, as students will have new cards to pair 
each time.  A second activity is ‘Curious Ball’ where a student catches a ball and answers 
the question that corresponds to their left thumb’s placement on the ball and then passes 
the ball to the next student.  All students can be performing a PA (e.g. hopping) while 
waiting to catch the ball. 
In addition to the activity descriptions, the kit includes the research basis for 
classroom PA, teaching tips, examples of how to move, and an outline of how to navigate 
the activity cards.  M4T is available free online through the Iowa Department of 
Education website (www.moveforthought.org) and is also included in the appendix of 
this thesis. 
Intervention  
Participating teachers were given the M4T kit to learn and subsequently 
implement in math during the eight-week intervention.  Teachers were encouraged but 
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not required to use M4T daily for an average of ten minutes.  Each teacher filled out a 
daily teacher log provided by the researcher to document the activity frequency and 
duration, activity choice, the time of day, any variations, and reactions.  Teachers were 
invited to ask the research team at any time for clarifications or ideas on how to use the 
package.  For the students, completion of the surveys and tests was voluntary but 
participation in the activities during the implementation period was part of their learning 
and, thus, all students participated. 
Data Analysis 
 Data were analyzed using the Statistical Package for Social Sciences 19 (IBM 
SPSS Statistics).  Internal reliability for the motivation surveys was tested with the 
Cronbach’s alpha coefficient.  All factors with an alpha greater than 0.60 were retained 
(especially when there were only three items).  Pearson correlation was assessed for math 
and IntPA perceived competence, perceived autonomy, perceived relatedness, pre MP, 
and post MP.  The primary goal of the study was to evaluate changes in math 
performance and motivation from M4T compared to traditional practice.  Repeated 
Measures ANOVA was used to check for a within-subjects Time (pre and post) and 
between-subjects Group (M4T and traditional) interaction.  A secondary goal was to 
evaluate student’s reactions to the M4T activities by looking at their needs satisfaction on 
the IntPA survey.  The data are reported as mean values (SDs) unless otherwise stated.  
The level of statistical significance was set at p < 0.05. 
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 Lastly, hierarchical regression analyses were used to see the role of the 
intervention and the student’s needs satisfaction with integrated physical activity in 
predicting academic performance, when controlling for gender and pre MP. 
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CHAPTER 4  
RESULTS 
 
Intervention Fidelity 
 Seven out of the eight M4T classes completed the eight-week intervention (N = 
157, males = 83, females = 74).  After three weeks, one school dropped out of the study.  
In an interview the teacher explained her math section was split into two parts by 
physical education so further activity time was not warranted.  All seven traditional 
classes were retained (N = 127, males = 69, females = 58).  The M4T and traditional 
classes all competed identical math motivation surveys.  The optional math performance 
tests was given to five out of seven of the M4T classes (2 teachers opted out), which all 
seven control classes did the math performance task.  Specific details on participants can 
be found in Table 1. 
 Teacher logs were collected from the four M4T teachers.  Teachers recorded 
frequency and duration daily eight weeks of the implementation period.  On average, the 
teachers incorporated M4T with math 50% (± 10%) of the time school was in session.  
Overall daily frequency ranged from 35% to 65% among the seven classes.  The average 
duration of a single activity was 10 minutes (± 1.5) with an overall addition of 15 to 30 
minutes per week, similar to adding one physical education class.  Total time spent on 
M4T lessons over the eight weeks ranged from 125-250 minutes with an average of 185 
(± 58) minutes. 
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Table 1. 
Sample Characteristics, Iowa, 2012 
 
 
 
 
 
 
 
 
Reliability Analysis 
 A reliability analysis using Cronbach’s alpha coefficient was done on the three 
basic needs for both the Math Motivation factors as well as the Integrated Physical 
Activity (IntPA) factors to determine the internally consistent items that comprise each 
factor, in order to be used in statistical analysis.  The reliabilities for all the motivational 
variables, except for Perceived Math Autonomy, were acceptable.  Math Autonomy 
comprised three items, but inter-item correlations were very low and thus, the items were 
not grouped together in order to represent the Math Autonomy factor.  It is possible that 
because the original scale was developed for adults, the content of the items was 
confusing for this age group.  After communication with the scale developer, it was 
evident that younger children have difficulties in understanding the locus of causality and 
Characteristic  Move for 
Thought (M4T)  
N = 157 
Traditional  
 
N = 127 
 
     
Sex, n (%)     
Boys 
Girls 
Grade level, n (%) 
Fourth 
Fifth 
Schools 
Classes 
Teachers 
European American 
 83 (53%) 
74 (47%) 
 
157 
-- 
2 
7 
4 
135 (86%) 
69 (54%) 
58 (46%) 
 
-- 
127 
2 
7 
4 
104 (82%) 
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volition, whereas, perceived choice seem to be an easier concept to understand.  Several 
researchers have used only perceptions of choice in order to measure satisfaction of the 
need for autonomy with children, and for that reason, in the current thesis, analyses were 
conducted using only the item that measures choices in math.  Thus, from this point 
forward, any reference to Perceived Math Autonomy equals perceptions of choice.  
Nevertheless, results pertaining to Math Autonomy should be carefully interpreted and 
necessitate further exploration.  Alpha reliabilities are presented with the variable means 
and standard deviations within their respective section in Table 2 below.   
 
Table 2. 
M4T and Traditional Students’ Perceptions of Three Basic Needs for Math 
  Move For Thought  Traditional Classes   
Variable  N M SD  N M SD Range α 
Performance Pre 107 52.28 19.11  118 49.84 15.73 % correct -- 
 Post 107 66.35 18.12  118 54.02 18.12   
Competence Pre 137 3.68 0.07  135 3.89 0.91 1-5 0.85 
 Post 135 3.71 0.87  134 3.91 0.92  0.88 
Autonomy Pre 136 3.41 1.01  133 3.41 1.12 1-5 -- 
 Post 135 3.22 1.19  134 3.25 1.99   
Relatedness Pre 136 3.63 0.76  135 3.43 0.86 1-5 0.68 
 Post 135 3.39 0.98  134 3.18 0.98  0.77 
 
 
Descriptive Statistics  
 On average, both M4T and tradition classes, correctly answered half of the math 
questions in the allotted time (MeanM4T = 52.28, Meantradtional = 49.39).  Both groups 
improved at follow-up (MeanM4T = 66.35, Meantradtional = 54.02), but with the intervention 
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group averaging a 10% higher score, which can translate into an academic letter-grade 
(Table 2). 
Students in the M4T and traditional classes had similar responses both pre and 
post on the math motivation survey.  On the five-point Likert Scale, with one being 
‘strongly disagree’ and five being ‘strongly agree’, students’ on average responded 
between 3.18-3.91 for Perceived Math Competence, Autonomy, and Relatedness, 
meaning being closer to the “agree” response option.  Perceived Math Competence had a 
consistently higher student response average than Perceived Math Autonomy and 
Relatedness with no significant changes after the intervention (Table 2). 
 Students that implemented the M4T kit also rated their perceived needs 
satisfaction toward the IntPAs (on a five-point scale) at the end of the intervention (Table 
3).  The students’ responses for IntPA Competence, Autonomy, and Relatedness reflected 
high needs satisfaction (MeanIntPA_Competence = 4.15, MeanMath_Competence = 3.71; 
MeanIntPA_Autonomy = 3.66, MeanMath_Autonomy = 3.22; MeanIntPA_Relatedness = 3.90, 
MeanMath_Relatedness = 3.39). 
 
Table 3. 
M4T Perceptions of Three Basic Needs for the Integrated Physical Activities. 
Variable  N M SD Range α 
Integrated PA       
Competence Post 122 4.15 0.73 1-5 0.75 
Autonomy Post 122 3.66 0.92 1-5 0.69 
Relatedness Post 122 3.90 0.99 1-5 0.77 
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All of the motivational variables for both math and integrated activities had 
significant positive correlations.  These correlations indicate that, even though the factors 
share some common variance, there is also variance that is unique to each factor.  
Perceived Math Competence pre and post and Perceived IntPA Competence were the 
only three variables that significantly correlated with the math pre test scores, the rest did 
not.  Post math scores also correlated with Perceived IntPA Relatedness and to a lesser 
degree Perceived IntPA Autonomy, in addition to the others.  Table 4 shows the results of 
the correlations among all variables. 
 
  
Table 4. 
Correlations among Math and Integrated Physical Activities Basic Need Satisfaction and Math Performance  
 2 3 4 5 6 7 8 9 10 11 
1 Math Competence Pre 
N 
0.28** 
284 
0.36** 
286 
0.74** 
275 
0.28** 
275 
0.24** 
275 
0.32** 
179 
0.23** 
179 
0.27** 
179 
0.39** 
246 
0.36** 
237 
2 Math Autonomy Pre 
N 
 0.39** 
283 
0.24** 
272 
0.38** 
272 
0.27** 
272 
0.26** 
179 
0.21** 
179 
0.20** 
179 
-0.05 
243 
0.030 
234 
3 Math Relatedness Pre 
N 
  0.23** 
274 
0.34** 
274 
0.59** 
274 
0.33** 
179 
0.59** 
179 
0.34** 
179 
0.06 
245 
0.030 
236 
4 Math Competence Post 
N 
   0.28** 
284 
0.27** 
284 
0.45** 
180 
0.30** 
180 
0.32** 
180 
0.37** 
241 
0.36** 
246 
5 Math Autonomy Post 
N 
    0.36** 
284 
0.18* 
180 
0.23** 
180 
0.29** 
180 
0.10 
241 
0.01 
246 
6 Math Relatedness Post 
N 
     0.27** 
180 
0.59** 
180 
0.25** 
180 
0.10 
241 
0.05 
246 
7 IntPA Competence       0.68** 0.52** 0.20** 0.32** 
N       188 188 162 158 
8 IntPA Autonomy        0.52** 0.11 0.20* 
N        188 162 158 
9 IntPA Relatedness         0.14 0.23** 
N         162 158 
10 Pre Math Performance           0.48** 
N          240 
11 Post Math Performance           
N           
* p <.05, ** p <.01, *** p <.001 
   
4
2
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Changes in Outcome Measures 
Baseline Differences Between the Classes 
 Baseline math performance between the two groups was compared using t-tests 
because of the nature of the design.  The simple comparisons showed that the M4T and 
traditional classes did not differ significantly (t(1,239) = 1.25, MeanM4T = 52.28, 
Meantradtional = 49.39, p = 0.211) at the baseline measures.  The lack of preexisting 
differences suggests that the two groups did not differ in math performance before the 
intervention. 
Academic/Math Performance 
 A repeated measures analysis of covariance (ANCOVA), with Group 
(intervention and control) as a between subjects variable, Time (pre-post intervention 
measures) as a within variable and percent of correct answers on the timed-math test at 
the pre-test as the covariate, was conducted to determine if the students improved during 
the eight-week implementation period and if the improvement differed between the M4T 
and traditional classes.  Results indicated a significant main effect on Time (F(9356,1) = 
59.67, p = 0.000, η2 = 0.21), Group (F(3059,1) = 13.64, p = 0.000, η
2
 = 0.06), as well as a 
significant Time x Group interaction (F(2745,1) = 17.51, p = 0.000, η
2
 = 0.07).  Full results 
are presented below (Table 5).  The time main effect means that both groups improved in 
math after eight weeks.  The group main effect shows that the intervention group overall 
scored higher than the control group in math.  The importance of the results lie in the 
significant Time x Group interaction, meaning that the classes that integrated the PA with 
the math practice in their lessons improved significantly more compared to the traditional 
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math practice lessons.  The interaction is presented in Figure 2 (below).  The mean and 
standard deviation results are presented in Table 2 with the motivational variables. 
 
 
Figure 2.  Mean percentage math performance score and standard errors for M4T 
classes and traditional classes over time. 
 
  
40 
45 
50 
55 
60 
65 
70 
Pre Post 
Math 
Performance 
(Mean % ) 
M4T 
Traditional 
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Table 5. 
Mixed Model Analysis of Covariance (ANOVA) for Math Performance as a Function of 
Time and Group  
Variable SS df MS F η2 p 
Time (Pre/Post) 9356 1 9356.70 59.67  0.21 0.000 
Group (M4T/Trad) 3059 1 3059.06 13.64 0.06 0.000 
Time x Group 2745 1 2745.93 17.51 0.07 0.000 
Error 34967 223 156.80    
Time (Pre and Post the eight-week intervention), Group (Move for Thought, Traditional), 
SS = Sum of Squares, df = degrees of freedom, MS = Mean Square. 
 
Math Basic Need Satisfaction 
 In order to examine the effectiveness of the two types of math instruction in 
altering the students’ satisfaction of the three basic needs and detect gender differences, 
repeated measure ANOVAs were conducted for each motivation variable (Perceived 
Competence, Perceived Autonomy, Perceived Relatedness).  There were no significant 
gender differences, main effects, or interactions found between Time and Group 
(Competence (F = 0.04, p = 0.83), Relatedness (F = 0.57, p = 0.45), Autonomy (F = 0.00, 
p = 0.99).  That means students’ basic need satisfaction did not change over the eight 
weeks, the two groups did not differ, and that the intervention did not elicit changes in 
their perceptions.  The mean scores and standard deviation for these variables can be 
found in Table 2. 
Relationship of Motivational Variables to Math Achievement  
  Hierarchical regression analyses were used to determine whether students’ 
perceived motivation toward math and perceived motivation for the integrated physical 
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activities (IntPA) in math predicted students’ math performance after the implementation 
period.  The mean scores and standard deviation for IntPA variables can be found in 
Table 3.  In all regression analyses, gender was entered in Step 1 to control for its 
potential effect, as well as pre-intervention math performance (Step 2).  The first 
hierarchical regression analysis with the overall sample was conducted in order to 
examine whether perceived Competence, Relatedness, and Autonomy for math in 
general, as they were measured before the intervention period, could predict math 
performance without the input of the intervention.  Results showed that Math 
Competence positively and significantly predicted Math Performance (R
2
adj = 0.16, β = 
0.42, p = 0.000), meaning students who perceive themselves to be competent in math 
tended to perform better on the timed-test.  Math Relatedness did not predict Math 
Performance, while Math Autonomy (1-item) showed a significant negative relationship 
(R
2
adj = 0.17, β = -0.15, p = 0.012.  Students with lower autonomy tended to score higher 
on the math test and those with higher autonomy scored lower. 
To examine intervention effects, pre-test math performance along with gender 
was entered in Step 1, pre-test math basic needs were controlled for in Step 2, and student 
reported perceived needs satisfaction for IntPA was entered in Step 3.  Results showed 
that perceived IntPA Competence significantly contributed to the prediction of post-test 
Math Performance above the contribution of pre-test math needs satisfaction (β = 0.22, p 
= 0.004).  This shows the unique contribution of M4T in predicting Math Performance 
beyond the students’ prior competence toward math in general.  For full results see Table 
6. 
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Table 6. 
Hierarchical regression analysis of Math Performance post-test score. 
Step Variables Stand. β t R2 R2 change F change 
1 Gender -0.002 -0.03 0.21 0.021 19.48*** 
 Math Performance Pre 0.39  4.76***    
2 Math Competence Pre 
Math Relatedness Pre 
Math Autonomy Pre  
(1-item) 
 0.20 
-0.06 
0.02 
2.51* 
-0.68 
0.21 
0.24 0.04 2.26 
3 
 
 
IntPA Competence 
IntPA Relatedness                      
IntPA Autonomy 
 
0.22 
0.14 
-0.06 
2.07* 
1.38 
-0.57 
0.30 0.06 3.69* 
Note: N = 151; gender: 0 = males, 1 = females; *P<0.05, ***P<0.001, Stand = 
Standardized, IntPA = Integrated Physical Activity 
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CHAPTER 5 
DISCUSSION 
 
Classroom-based physical activity (CBPA) has been shown to successfully 
increase physical activity time for youth as well as improve their learning (e.g. Donnelly 
et al., 2009; Grieco et al., 2009; Mahar et al., 2006; Reed et al., 2010; Trost et al., 2008).  
This study was the first to examine a recently developed integrated physical activity kit 
called Move For Thought (M4T).  To accomplish this, seven intervention classes and 
seven control classes from four schools performed a timed math test and a motivation 
survey before and after eight weeks.  Results showed that, consistent with our 
hypotheses, there was a greater gain in math performance for the M4T classes than the 
traditional classes.  In regards to academic motivation, perceived competence positively 
predicted math performance.  Regression analyses revealed that perceived competence 
associated with the M4T activities provided a unique and positive contribution to math 
performance, however, there was no significant change in the students’ perceptions of 
autonomy or relatedness. 
This study focused on physical activities integrated with math concepts in 
particular and uniquely gave the teachers freedom in regards to the frequency and 
duration of the activity usage.  Each teacher found the best fit for her particular class.  
Two of the teachers used M4T with a small groups of students (six-eight) as they rotated 
through their math stations, while most used the activities with the whole class 
simultaneously.  In one class, a student teacher facilitated the majority of the activities.  
 49 
The overall contribution of the intervention was an average of 15-30 minutes per week 
for a total of 185 (± 58) minutes over the eight weeks.  Hence, even without stringent 
intervention guidelines, teachers choose to use the activities 50% of the time school was 
in session.  This is the first demonstration, to our knowledge, that classroom activity 
packages do not require rigid usage criteria, but rather can offer general guidelines and 
give teachers more autonomy and still foster adequate adherence and produce significant 
results.  Even when CBPA is only adding two to three 10-minute activity breaks a week, 
it is helping children accumulate 60 minutes a day, break-up extended sedentary time, 
and may encourage students to be active on their own outside of class (ALR, 2013; 
Anderson, 1998; NASPE, 2004). 
Consistent with other interventions, the use of M4T activities demonstrated that 
integrating physical activities in math can significantly improve academic performance 
compared to classes that do not.  The published research in this area consistently shows 
either no change in academic performance with the incorporation of physical activity 
minutes (e.g. Ahamed et al., 2007; Molloy, 1989; Uhrich & Swalm 2007; Vazou, under 
review) or a positive change (e.g. Donnelly et al., 2009; Reed et al., 2010).  To date, no 
published studies have found allocation of PA minutes during classroom time to have a 
negative effect on students’ learning.  With that being said, it is valuable to note which 
CBPA package styles provide positive benefits to academic performance and this initial 
analysis has shown that M4T can. 
It is possible this study uniquely shows academic improvement may not be 
dependent on the specific content used with the activity but rather transfers to an overall 
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improvement in subject comprehension speed.  In other words, fourth graders in the M4T 
group may have primarily practiced multiplication or division facts during the activities, 
but showed significant improvement on a comprehensive, grade-appropriate exam that 
had questions involving time-telling, subtracting decimals, and short story problems (see 
appendix for test examples).  Research explains academic improvement from PA may be 
due to greater blood flow, modified arousal level, improved levels of neurotransmitters, 
and the creation of new neurons in the brain (Best, 2010; Cotman & Engesser-Cesar, 
2002; Jenson, 2000; van Praag et al., 1999). 
 Results showed that the mean scores for the integrated physical activity 
motivation were high in all three basic need satisfaction.  Students appear to feel 
competent, relate to their classmates, and perceive a sense of choice with this teaching 
approach.  Therefore, it is apparent that integrated physical activity can be incorporated 
in the classroom to increase activity minutes and academic performance without 
negatively impacting the students’ perceived motivation for the academic lesson.  Based 
on Self-Determination theory, and empirical research findings, satisfaction of all three 
psychological needs relates to positive motivation outcomes.  A review by Teixeria et al 
(2012), showed the literature consistently finds competence satisfaction and more 
intrinsic motives to positively predict exercise participation across a range of samples and 
settings. 
The results of the regression analyses showed that students’ perceived 
competence for IntPA significantly predicted their math performance at the end of the 
intervention.  Therefore, above and beyond the effect of their perceived competence 
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toward math in general, students who feel confident during the physical activity are 
attaining higher math scores.  The relationship between IntPA and academic motivation 
was examined by Vazou et al. (2012).  Consistent to our research findings, when 
movement was integrated in the academic lesson (in any subject area) students reported 
higher perceptions of competence, compared to the traditional lessons.  While this is the 
first study to examine basic need satisfaction from CBPA on math performance, research 
has been conducted in other areas, such as physical education.  Students who felt 
competence because of prior successful experiences were more likely to find physical 
education class more enjoyable and want to participate in it further to develop their skills 
(Ntoumanis, 2001).  As Self Determination theory and previous research findings 
suggest, supporting children’s competence encourages higher levels of intrinsic 
motivation, which positively predicts achievement (Gottfried, 1985; Lepper, Corpus, & 
Sheena, 2005; Ryan & Deci, 2000;). 
Results on math need satisfaction did not indicate a significant difference before 
and after the intervention.  This result may be attributed to the relatively high overall 
mean scores at baseline.  The mean scores were stable for both the M4T classes as well as 
the traditional, which may also reflect that eight weeks is not long enough to elicit a 
change in a student’s motivation for a school subject.  Motivation for a school subject, 
such as math, is considered to be relatively stable, and according to Self-Determination 
theory (Vallerand & Lalande, 2011), is less susceptible to change, especially after a short 
period of time.  These results are consistent with results from Vazou et al. (2012) and 
Vallerand and Ratelle (2002).  It is possible that by fourth grade, students’ overall 
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opinion about math is well formed.  To improve youth’s feelings toward their school 
subjects, different teaching strategies such as integrated physical activities need to start 
earlier or be implemented for a longer duration. 
It is well understood that a perfect study with flawless internal and external 
reliability does not exist, and therefore, the limitations in the current thesis are discussed 
below.  A potential limitation to the study is the lack of randomization and the use of fifth 
graders for the traditional classes and fourth graders for the M4T classes.  While 
randomization was not feasible during the recruitment process, we were pleased to have 
two schools in each group and for those schools to have counterbalanced structures.  Five 
of the fourth grade classes, for instance, had classroom rotation similar to five of the fifth 
grade controls at the middle school.  The other two fifth grade controls were at an 
elementary school that closely related in structure to the fourth grade schools.  While the 
math content the two grades were learning differed in difficulty, the grade-appropriate 
math performance tests accounted for that.  Outside of the intervention, it is relevant to 
examine whether the other opportunities students had to be active throughout the day 
impacted the group differences.  Five of the math control classes were from a middle 
school with seven class periods.  Every hour the students had three minutes to stand up 
and walk to their next class.  In addition, they had physical education twice a week for 50 
minutes but no recess.  The other two control classes were from a parochial elementary 
school with a single teacher for their core subjects and therefore less frequent structured 
‘movement’ between classes.  These students had recess one-two times a day for 20 
minutes and physical education twice a week for 30 minutes.  Similar in most aspects, the 
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M4T classes had recess every day for 30 minutes, physical education twice a week for 25 
minutes, and changed classrooms for their different subjects.  Therefore, while we were 
fortunate the schools we recruited had similar structure and similar time devoted to 
physical activity, randomization whenever possible is better. 
 In this project, no comparisons could be made about students’ perceptions about 
need satisfaction right after a traditional lesson versus an integrated one.  Future studies 
should examine how students’ situational motivation for an integrated activity compares 
to their situational motivation to a similar academic concept learned without physical 
activity.  Doing so, would help researchers identify how malleable motivation is at the 
situational level. 
 Perceptions of autonomy toward math were difficult to assess in this study and 
should be interpreted with caution.  The lack of reliability within the autonomy items 
may be due to an inherent lack of choice for school attendance and class participation or 
perhaps a lack of understanding from this age group regarding feelings of ‘pressure’.  We 
were able to use a single item regarding ‘choice’, but a more specific autonomy measure 
needs to be developed for elementary age students. 
Future studies looking at effects of classroom-based physical activity on 
motivation and learning should also collect height and weight information.  With each 
child’s body mass index (BMI), correlations can be made for the effects on motivation 
taking into account different body types.  In addition, children could be asked their body 
image perceptions to see if that relates to their true BMI and which correlates more 
closely to the outcome measures. 
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Conclusion 
 From this study we can conclude that short bouts of integrated physical activity in 
math, improves academic performance on a timed comprehensive math test significantly 
more than traditional classes.  The eight-week intervention may not be long enough to 
elicit a change in the students’ perceptions of their three basic needs in math, yet 
satisfaction of basic needs is a critical part of students’ academic performance.  Longer 
interventions or interventions starting at an earlier age may be necessary to elicit a change 
in general subject perceptions of competence, autonomy, and relatedness. 
Teachers and school administrators are encouraged to seek out ways to 
incorporate 10-20 minutes of physical activity with their academic lessons at least three 
days a week.  The Move For Thought program did not require extensive training, was 
well received by principals, teachers, and students, is adaptable for different subject areas 
and grade levels, and offers an effective means of increasing academic performance and 
PA minutes while maintaining students’ motivation. 
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APPENDIX A 
 
Factors and Questions used for Basic Need Satisfaction Surveys 
 
Math Survey (N = 310) 
Factor 1: Perceived Math Competence   
  1. I think I am pretty good in math.  
  7. I find most things are easy to learn and do in math  
  9. When learning something new in math, I know I will be able to learn it 
well. 
 
14. I think I do pretty well in math, compared to other students.   
Factor 2: Perceived Math Autonomy  
  3. I feel I have some choice over which activities to try to solve in math.   
10. I feel I am doing only what the teacher wants me to do in math.  
15. I feel pressure when I am doing activities in math.  
Factor 3: Perceived Math Relatedness  
  5. I feel involved with my classmates when doing activities in math.  
11. I feel my classmates care about me.  
13. I feel emotionally close to my classmates when doing activities in math.  
 
Integrated Physical Activity Survey (N = 122) 
Doing the physical activities in the classroom made me feel… 
 
Factor 1: Perceived IntPA Competence 
 
  2. That I can do them well  
  6. Competence (have the necessary skill to be successful)  
10. My skills are improving  
Factor 2: Perceived IntPA Autonomy  
  3. Pressured  
  7. Free to decide for myself what to do  
14. I am doing what I want to be doing  
Factor 3: Perceived IntPA Relatedness  
  4. Involved with my classmates  
  8. Included  
11. I belong and the people around me care about me  
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APPENDIX B 
Teacher Log 
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APPENDIX C 
Comprehensive Fourth Grade Math Test 
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APPENDIX D 
Comprehensive Fifth Grade Math Test
 
 70 
 71 
 72 
 
 
 73 
APPENDIX E 
Move for Thought Kit 
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